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1. Introduction

Peter I. Hartsock

The advent of AIDS, a mysterious and deadly disease about which nothing
was known a little over 10 years ago, has given rise to the need for natural
history studies to understand the dynamics involved in the spread of this
epidemic. The term “natural history,” as used in the context of this mono-
graph, refers to the evolution or progression of the condition under scrutiny
(e.g., AIDS) from its inception to termination (e.g., death or cure of the
host). Since many factors, including biological (e.g., immunologic status of
the host), socioeconomic, cultural, and psychological (e.g., group and indi-
vidual behaviors that contribute to high risk for acquiring the condition),
and medical (e.g., the administration of drugs such as AZT) have an impact
on the acquisition, progression, and termination of the condition, natural
history studies of AIDS must take all of these and related factors into
account. Such studies have been particularly important for understanding
the special relationship of drug abuse and AIDS.

Drug abuse has been recognized by the Surgeon General, the President’s
Commission on AIDS, the National Academy of Sciences, and the Centers
for Disease Control as now being the most important factor in the spread of
AIDS in the United States. Because of this, natural history studies on the
relationship of drug abuse with AIDS have received a high priority from the
National Institute on Drug Abuse (NIDA).

Within NIDA, the Clinical Medicine Branch has had the initial
responsibility for AIDS research and the principal responsibility for AIDS
natural history studies. Because of the newness of AIDS, natural history
research has been fraught with a number of methodological problems.
When drug abuse research is added into the picture, these problems have
been multiplied. In order to focus special attention on these problems and
to assist in finding solutions for them, the Clinical Medicine Branch recently
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held a technical review in which grantees presented their unique
perspectives on the problems involved in conducting natural history studies.
These perspectives are derived from some of the very first drug abuse-
related AIDS natural history studies in the world. The methodological
problems observed and defined in these studies are important for
determining the course of future research and for refining analytical tools in
order to better understand the development of AIDS among drug abusers,
their sexual partners, their children, and ultimately, the general population.

This monograph contains discussions which selected Clinical Medicine
Branch grantees presented at the technical review. These papers appear in
an order beginning with the most general discussions of natural history
research problems and progressing to more focused consideration of specific
problems.

In the first paper, Dale D. Chitwood, Mary Comerford, and Edward J.
Trapido present a history of natural history studies dealing with AIDS and
drug abuse. Of special importance in the development of these studies is
the unprecedented interdisciplinary nature of the work being done.
Researchers from areas as dissimilar as anthropology and virology have
come together to pool their intellectual powers and the focuses of their
disciplines.

Chitwood et al. describe the primary types and the strengths and limitations
of natural history studies presently used to examine the drug abuse and
AIDS relationship. Epidemiologic methods dominate these studies and
comprise two basic types: descriptive and analytic. Descriptive studies are
made up of three categories: case studies, correlation ecological inquiries,
and cross-sectional surveys. While descriptive studies can be used in
hypothesis development, they cannot be used to test hypotheses.

Analytic studies, however, can be used to test hypotheses, and Chitwood et
al. describe the two most widely used forms: the cohort or longitudinal
study and the case-control study. The strengths and weaknesses of analytic
studies are described.

Chitwood et al. then assess the status of drug abuse and AIDS natural his-
tory research at the present time and offer directions that such work should
take in the future for enhancing our knowledge of this area. Recommenda-
tions are made for the use of additional research designs and especially for
the pooling of subjects from multiple site investigations.
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In the next paper, Gerald Friedland discusses the development and present
state of knowledge in studies of the natural history of HIV infection in the
populations of (1) intravenous drug users and (2) homosexuals and bisexu-
als. Friedland talks about the similarities and differences between these two
major populations in the HIV epidemic and the methodological problems
inherent in comparing natural history research in one population with that
done in another. Such problems include differences in methodologies and
variations in sampling and surveillance, as well as differences in socioeco-
nomic status between populations.

Friedland also discusses other infections and HIV-related complications
that do not meet the Centers for Disease Control (CDC) AIDS surveillance
definition; gives a comparison of the opportunistic infections and malignan-
cies that do meet the CDC case definition; presents the existing data on sur-
vival once the diagnosis of AIDS has been established; and reviews selected
information on cofactors that may result in acceleration of progression of
HIV infection.

As Friedland discusses methodological problems in comparing the natural
history of HIV infection in drug users with that of HIV infection among
homosexuals, W. Wayne Wiebel explores further the methodological prob-
lems in natural history studies of HIV infection within drug abusing popula-
tions. A pivotal obstacle in this work involves sampling issues: Drug users
are involved in illicit and covert activity, and this situation creates potential
problems of bias. These sources of bias reflect the sampling frames used:

1. Drug abuse treatment populations. Only a small percentage of all drug
users are in treatment and there is considerable reason to believe that
those who are are not representative of those who are not. Further-
more, with heavy emphasis on methadone treatment (particularly for
heroin use) in the United States, nonopiate drug users are also missed
in the sampling of treatment populations. And, because heaviest
emphasis has been on treatment of intravenous drug users, non-IV
users too are ignored.

2. Criminal justice populations. Drug users involved in criminal activities
to support their addictions are overrepresented.

3. Medical service populations. Emergency rooms: overrepresent patients
(e.g., drug users) with acute conditions. Chronic care facilities: over-
represent long-term addicts with health problems associated with poor
hygiene.
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4. Social network analysis populations. These better represent not-in-
treatment drug-using populations but underrepresent socially isolated
addicts.

With these varying biases, according to Wiebel, agencies that support natu-
ral history studies of HIV infection in drug abusers should strive for a bal-
ance in supporting studies which utilize a range of available sampling
strategies.

John K. Watters and Yu-Teh Cheng examine in further depth several issues
raised by Wiebel. To begin, HIV natural history studies involving drug users
whose drug problems are predominantly characterized by injection patterns
other than heroin (e.g., cocaine) are often excluded from such studies. This
is largely due to methadone maintenance (for heroin) being the dominant
drug abuse treatment modality, this modality thus dominating the popula-
tions being sampled in natural history studies. Findings from drug users in
methadone treatment may not be generalizable to those who are not. Fur-
thermore, many IV drug users not in treatment are not oriented to entering
treatment programs. Samples based primarily on clinical populations may
contain substantial bias, neglecting addicts who eschew treatment and/or
who use drugs other than heroin.

Convenience samples, which tap into drug users on a first-to-be-contacted,
first-to-be studied basis, lack generalizability due to the reasons just cited.
(See the discussion on Dorus below for more on this.) For example, when
the selection of sites is based primarily on grant and contract competition,
rather than on systematic review of candidate location, this has strong
implications for sample construction. Sampling is nonrandom and not
linked to population parameters. Furthermore, there can also be a conflict
in the roles of personnel involved: interviewing and changing behavior at
the same time (see Vlahov below for more on this).

Watters and Cheng cite findings from their own research to illustrate the
impact of the biases they discuss and conclude that it is important to include
in-treatment drug users and those not in treatment in natural history studies
of HIV infection and associated risk factors.

Following on the conclusions of Watters and Cheng, David Vlahov and
colleagues discuss selection biases from treatment populations and from
outreach populations. Emphasis should be placed on consistency of find-
ings across studies and observed differences should provide a basis for addi-
tional hypothesis formulation.
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Regarding data consistency, Vlahov et al.’s ALIVE natural history study has
one of the largest drug abuse HIV study populations to date and has the
ability to provide systematically collected information from a population of
predominantly active users outside the drug treatment and criminal justice
settings.

Vlahov et al. discuss several methodological issues in natural history studies
of drug abuse and HIV infection. One issue concerns the accuracy of self-
reports. There are several means available for evaluating such reports:

1. corroboration, generally through urine screens, official records, and
reports of family and counselors

2. corroboration of the relationship between biological parameters and
reports

3. measuring the degree of “socially desirable” responding

This paper also discusses the impact of ethical constraints on studies of HIV
infection in drug-using populations. For instance, information learned
through required pretest conseling can have an impact on information
solicited from subjects later on in studies.

According to Vlahov et al., other forms of bias in natural history studies may
come from interpersonal effects between interviewers and subjects (see also
Watters) and from differences in biological measures such as differences in
CD 4 cell levels between study sites.

Last, selection of appropriate endpoints for longitudinal studies is regarded
as a major methodologic issue and is complicated by the long incubation
period for AIDS and the growing need for a wider definition of AIDS
among drug users.

As well as describing present AIDS-related intervention effects among drug
users, Walter Dorus and his colleagues deal with a variety of methodologic
issues in natural history studies of HIV infection in this population.

One issue, alluded to by other contributions to this monograph, concerns
the almost exclusive emphasis on IV drug-using populations. Related high-
risk behavior with increasing non-IV use, e.g,, “sex for crack,” and drug use
other than intravenous use should be studied.
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In addition, there is no systematic means for determining HIV seropreva-
lence in drug users. Prevalence is usually dependent on voluntary testing,
which may underestimate the prevalence of HIV.

Self-selection of subjects for studies also presents a problem (see Watters).
Persons voluntarily presenting themselves often have lower seroprevalence
than those who do not, who, in turn, may underreport their high-risk
behavior. Persons at highest risk for HIV may avoid testing.

Furthermore, there are problems with biological measures. ELISA-testing
variability has limited the precision with which events leading to infection
can be determined. False negative results also limit ELISA testing capabili-
ties. Better precision may be possible, however, in new tests such as poly-
merase chain reactions.

Dorus and his colleagues state that the definition for AIDS and ARC should
be evaluated.

Don C. Des Jarlais considers a number of potential cofactors in the out-
comes of HIV infection in IV drug users. Part of his conclusions parallels
those of Vlahov et al. and Dorus et al., in that a number of fatal illnesses do
not qualify as “surveillance definition AIDS” but appear to be occurring
among drug injectors exposed to HIV.

Des Jarlais also discusses cofactors for Kaposi’s sarcoma; psychoactive drug
use as a cofactor for progression of HIV-related immunosuppression; and
gender differences as potential cofactors.

Des Jarlais states that we are now at a stage for hypothesis testing of the
association of cofactors for HIV infection among drug users. He also con-
cludes that the availability of treatments for HIV-related disease creates a
need for studies of potential psychoactive drugs and their treatments.

Philip C. Cooley and his colleagues discuss the uses which mathematical
modelers have for natural history data dealing with AIDS, drug abuse, and
related phenomena. This is an important topic because much modeling is
hypothesis- or theory-driven with only secondary or tertiary attention paid
to what data are available for investigating theories. This ivory tower sce-
nario is less than productive, especially when few or no data can be found to
investigate the theories. An attribute that characterizes most NIDA Clinical
Medicine Branch modeling grants is their primary emphasis on first
obtaining data guided with preliminary theories and then using these data to
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further develop these theories and guide data gatherers to obtain data where
gaps presently exist.

Cooley et al. describe their own efforts in this process and discuss what they
see are major gaps in the types of data coming from AIDS/drug abuse natu-
ral history studies, which are needed to drive accurate, empirically grounded
models of the AIDS epidemic.

The papers in this monograph span a range of topics particularly concerned
with methodological problems encountered in natural history studies of
drug abuse-related AIDS. This span is actually a continuum, beginning, on
one end, with very basic problems of obtaining valid and reliable data from
populations notoriously difficult to reach, to, on the other end, problems
which users of these data such as modelers encounter. The problems
encountered on the data-gathering end become telescoped and magnified
when data are put to analytical use.

It is advocated and hoped that those scientists dealing with opposite ends of
this continuum will attempt to better understand the problems that their
counterparts on other sections of the spectrum encounter. Such under-
standing should lead to better coordination between data gathering and data
analytical efforts and points in between and thus to an increase in the qual-
ity of all efforts. The various sections of the continuum can provide valuable
insights and guidance for the other sections, and it is hoped that this mono-
graph contributes to this process in some modest fashion.

AUTHOR

Peter 1. Hartsock, Dr. P.H.
Deputy Chief

Clinical Medicine Branch
National Institute on Drug Abuse






2. Strategies for Enhancing
Existing Studies of the Natural
History of HIV-1 Infection
Among Drug Users

Dale D. Chitwood
Mary Comerford
Edward J. Trapido

INTRODUCTION

The AIDS crisis has created an atmosphere of urgency characterized by
increased funding and an expedited grant review process for the study of
HIV-1 among drug users. This press for knowledge about the natural his-
tory of HIV-related disease has produced an interdisciplinary effort that is

unprecedented in the study of illicit drug use. Investigators from fields as
dissimilar as anthropology and virology have joined together to study HIV-1

infection and related disease among drug users, particularly parenteral
users. This diversity is reflected in the disciplines of the principal investiga-
tors of the first 17 natural history studies funded by the National Institute
on Drug Abuse (NIDA): two epidemiologists, three infectious disease
physicians, one psychopharmacologist, three psychiatrists with drug abuse
treatment backgrounds, and seven social scientists with prior experience in
drug abuse research. Eight of these investigators had prior research experi-
ence specific to HIV-related disease (National Institute on Drug Abuse
1987).

This research was supported by National Institute on Drug Abuse grant nos.
DA 0443 and DA 05349 and National Institute of Mental Health/National
Institute on Drug Abuse Center grant no. MH42455.
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Every professional who enters this arena brings the substantive knowledge
and methodologic tools of his or her area of expertise to this interdisci-
plinary task. As a result, drug researchers with little or no previous experi-
ence with infectious disease find themselves working closely with immunol-
ogists and other colleagues who are equally unfamiliar with drug use.

Despite the wide variation in disciplines represented by these researchers,
most nonlaboratory based studies of the natural history of HIV-1 infection
among parenteral drug users can be classified into three groups. The earli-
est projects tended to be cross-sectional investigations that have docu-
mented the seroprevalencc of antibodies to HIV-1 among intravenous drug
users (IVDUs) in various communities. Many of these initial studies were
conducted among clients of drug treatment programs (D’Aquila et al. 1986;
Levy et al. 1986; Mascola et al. 1989; Marmor et al. 1987). Among these
projects arc trend studies that repeatedly collect unlinked seroprevalence
data for the purpose of describing the progression of the epidemic (Brown
et al. 1989).

A second tier of studies was initiated as longitudinal investigations in which
cohorts of IVDUs have been screened for antibodies to HIV-1 and followed
periodically (usually at 6-month intervals) to assess incidence rates
(seroconversion) of antibodies to HIV-1 and/or disease progression. Some
of these studies have expanded beyond estimates of prevalence to examine
broader aspects of the natural history of HIV-1 such as timecourse and
prognostic factors associated with disease progression from seroconversion
through acute retroviral syndrome, asymptomatic periods, HIV-related dis-
ease including non-AIDS defining illnesses (Novick et al. 1986; Selwyn et al.
1989a; Trapido et al. 1990), AIDS, and death (Des Jarlais et al. 1988). A
partial list of associated issues being addressed includes onset of needle use
and other drug-related risk behaviors (e.g., sex and crack use), understand-
ing of needle use values of IVDUs (Page et al. 1990) the infectivity of injec-
tion equipment (Chitwood et al. 1990) the effects of drugs of abuse and
drugs used in drug abuse treatment on immune function (Donahoe and
Falek 1988; Novick et al. 1989), and the onset of HIV-1 infection and pro-
gression to disease (Chaisson et al. 1989).

A third group of studies includes the 63 National AIDS Demonstration
Research Projects funded by NIDA, which were designed primarily to
implement and evaluate risk behavior reduction intervention programs
among IVDUs and their sexual partners (McCoy et al. 1990; National Insti-
tute on Drug Abuse 1989). Many of these study sites arc producing data on
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serostatus and have the potential to address questions about the natural his-
tory of HIV-related disease.

The urgent need to understand the natural history of HIV-related disease
requires researchers who are engaged in each of these groups of studies to
examine their projects to determine how they might be utilized to address
questions of natural history that are not the original focus of those
investigations.

The purpose of this chapter is to review basic research designs that have
made contributions to the study of disease, including HIV-related disease,
and to present strategies that can be initiated or expanded to enhance
information that now is being produced by existing studies of IVDU and
HIV/AIDS.

BASIC RESEARCH DESIGNS

Epidemiologic methods offer researchers of drug use and HIV-1 a bridge
between the social sciences and medicine (Hennekens and Buring 1987).
Because epidemiology investigates the etiology and natural history of dis-
ease in populations rather than individuals, methodologies have been devel-
oped to investigate large groups, and these are particularly suited to the
study of the natural history of HIV-1 among IVDUs.

Epidemiologic studies may be divided into two basic groups, descriptive and
analytic. Descriptive investigations provide knowledge of newly identified
disease and the populations or risk groups most or least affected by the dis-
ease. The identification of a disease and/or the descriptive characteristics of
persons with that disease often constitute a first step in the quest for disease
etiology or for risk factors that can be altered or eliminated to prevent dis-
ease. Data from descriptive studies also are useful to public health policy
planners for health care utilization and resource allocation.

Descriptive Studies

There are three general types of descriptive studies: case reports or case
series, which describe the experience of an individual or group of patients
with a similar diagnosis or symptoms; correlational ecological inquiries,
which examine patterns of behavior and disease among populations; and
cross-sectional surveys of individuals.
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The early epidemiology of AIDS was first described in case reports and case
series. Case reports document unusual occurrences among individuals and
can represent the first clues in the identification of disease. A case series is
a collection of case reports that occur within a fairly short time span. Dur-
ing the 8-month period from October 1980 through May 1981, five cases of
Pneumocystis carinii pneumonia were reported among young, previously
healthy homosexual men in Los Angeles (Centers for Disease Control
1981a). Several cases of Kaposi’s sarcoma also were diagnosed in young
homosexual men in early 1981 (Centers for Disease Control 19815). Both
of these case series were important because Pneumocystis carinii pneumo-
nia previously had been seen almost exclusively in elderly cancer patients
whose immune systems were suppressed, and Kaposi’s sarcoma had been
observed almost exclusively in elderly men and women. These descriptive
studies not only were instrumental in the identification of a new disease but
also in the formulation of hypotheses about risk factors for transmission
even though the causative virus had not been identified. As a result of these
case series, the Centers for Disease Control initiated a surveillance program
to assess the magnitude of the problem and develop diagnostic criteria for
what appeared to be a new disease. This program determined that homo-
sexual men were at high risk of developing AIDS, and subsequent case
reports and case series indicated that this syndrome also developed from
blood-borne transmission among IVDUs and other groups. Case series
methodology also has been used in the investigation of the patterns and
consequences of drug use, e.g., the description by Spotts and Shontz (1980)
of variations in cocaine use among nine cocaine users.

Caution must be exercised in the interpretation of findings in case series
studies. While useful for hypothesis formulation, data from case reports
and case series cannot be used to test for the presence of a valid statistical
association because of small numbers and a lack of a comparison group.

In correlational ecological studies, measures of populations are used to
describe disease in relation to population characteristics or risk behavior(s).
The delineation of pattern I, pattern II, and pattern III countries is an
example of the utility of this approach (Piot et al. 1988). Ecological studies
of AIDS and IVDU are only now emerging, but numerous studies concern-
ing the consequences of tobacco and other drug use exist. For example,
Friedman (1967) described patterns of mortality from coronary heart dis-
ease in 1960 by correlating the death rates from coronary heart disease of 44
States with per-capita cigarette sales in those states. His early observation
that mortality was highest in States with the highest cigarette sales con-
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tributed to the hypothesis that cigarette smoking causes fatal coronary heart
disease, which has been substantiated in subsequent analytic studies (U.S.
Department of Health, Education, and Welfare 1979).  McBride and
McCoy (1981) reported a high correlation when they examined the associa-
tion between narcotic use and crime by correlating census tract data on the
prevalence of drug treatment in the population with the crime statistics for
those areas.

The strength of ecological studies is that they can be done quickly and inex-
pensively with existing data, factors that make them useful as a first phase in
investigating a possible exposure-disease relationship. The primary limita-
tion of such studies is the inability to use these data to connect the exposure
to disease in particular individuals. This misinterpretation is well known as
the ecological fallacy (Goodman 1953).

A third type of descriptive investigation is the cross-sectional study in which
exposure and disease status are assessed simultaneously among individuals.
Cross-sectional studies look at the seroprevalence of an outcome such as
HIV-1 or AIDS in a population at a particular point in time or over a spe-
cific time span such as 1 year. This research design has been the vehicle for
many of the early seroprevalence surveys of HIV-1 among IVDUs (Des
Jarlais et al. 1989). These data are of considerable importance to public
health administrators in evaluating the health care needs of a population or
catchment area.

Because cross-sectional studies assess risk behavior and disease status at the
same point in time, often it is not possible to determine the extent to which
the exposure preceded or followed the disease. Cross-sectional studies usu-
ally investigate prevalent rather than incident cases, and therefore the
information collected is biased to some extent by the determinants of sur-
vival as well as etiology. For example, a snapshot of the seroprevalence of
HIV-1 among IVDUs will identify as antibody positive not only persons who
seroconverted very recently but also many others who have been seroposi-
tive for several years and have survived. Consequently, investigations that
seek to use cross-sectional data on HIV-1 antibody status to address etio-
logical questions will be unable to determine precise time order between
exposure and seropositivity. This makes observations unclear and distorts
the observed association between exposures and HIV-1 serostatus. While it
is possible in a study of the risk factors of seroprevalent respondents to
reduce the length of time since seroconversion by excluding from the study
all HIV-1 antibody positive persons who have been diagnosed with AIDS
(Des Jarlais et al. 1989), the length of time since exposure among the
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remaining seroprevalent cases still will be considerable for an unknown
number of respondents.

Analytic Studies

Analytic studies are designed to test specific hypotheses and can be divided
into two major types: observational and intervention. This discussion will
concern observational studies only.

The two basic types of observational analytic studies are the cohort or longi-
tudinal study and the case-control study. Each type of study has its own
strengths and limitations. The decision of which type of research design to
implement depends on the specific research questions posed plus logistical
factors such as time and money available to carry out the research.

Longitudinal Studies

Longitudinal studies proceed from exposure to disease by defining a group
of individuals on the basis of the absence or presence of one or more expo-
sures to a suspected risk factor for a disease (Hennekens and Buring 1987).
Study participants are followed over time to observe the occurrence of that
disease outcome. Most investigations of the relationship between drug use
and HIV-1 infection are longitudinal studies in which IVDUs or other drug
users are followed to assess diverse outcomes such as seroconversion, pro-
gression to disease. and mortality. The primary strengths and limitations of
a longitudinal design are outlined in table 1.

The strengths of a longitudinal design for natural history studies among
IVDUs are several. For example, drug injection is a relatively rare exposure
that is most easily studied when the study population is selected for its expo-
sure experience; several outcomes of exposure to HIV-1 that need to be
investigated can be studied simultaneously; bias in the determination of
exposure is minimized and incidence of seroconversion is directly measur-
able.

One key limitation is that longitudinal studies are more expensive to con-
duct than other types of studies. This is due, in part, to the potentially long
duration for followup and the large number of subjects required when inci-
dent cases of HIV-1 seroconversion or a rare HIV-1 related disease such as
Kaposi’s sarcoma are being studied. For example, seroconversion rates
among established cohorts of IVDUs appear to be low (Moss et al. 1989).
Thus HIV-1 seroconversion, even in a high risk population of IVDUs, is a
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relatively rare event. To obtain steady, reliable estimates of incidence, a
substantial number of new cases of HIV-1 infection is required. These cases
can be acquired either over a long span of time or by increasing the size of
the sample. Either procedure increases the cost of the study.

Table 1. Strengths and Limitations of the Longitudinal Study Design

Strengths

Is of particular value when the exposure is rare.
Can examine multiple effects of a single exposure.
Minimizes bias in the ascertainment of exposure.

Allows direct measurement of incidence of disease in the exposed and non-
exposed groups.

Limitations
Is inefficient for the evaluation of rare diseases.
Can be extremely expensive and time consuming.

Validity of the results can be seriously affected by excessive losses to
followup.

Current practice, usage, or exposure to study factors may change, making
findings irrelevant.

In addition, if a long time span is required to accumulate cases, as in the
investigation of a rare outcome for IVDUs such as Kaposi’s sarcoma, results
may not be obtained in a timely manner. Even if cost were not an issue,
increasing the size of the sample may produce difficulties where a finite
number of potential subjects exist in an area. It may be difficult in some
areas of the country to locate and recruit into the study a sufficient number
of IVDUs to enable the study to be completed in a relatively short time
period.

Another difficulty with longitudinal studies is the adequate followup of the
study participants. The maintenance of scheduled periodic followup is
extremely labor intensive and expensive. This is particularly true when the
study participants are drug users.
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Case-Control Studies

In a case-control study, individuals with a particular condition (cases) are
selected for comparison with a series of individuals in whom the condition is
absent (controls). Cases and controls are then compared with respect to
existing or past characteristics or exposures thought to be relevant to the
development of the condition being studied. A thorough discussion of case-
control design and analysis can be found in Case-Control Studies by John J.
Schlesselman (1982).

Because of the problems involved in conducting a longitudinal study, the
case-control study often is used as an alternative approach. Case-control
studies have been utilized extensively in epidemiologic investigations of dis-
ease etiology and outcome. Such diverse subjects as the relationship of pre-
natal x-rays and childhood malignancies (MacMahon 1962) diethylstilbe-
strol (DES) and vaginal cancer (Herbst et al. 1971) and the role of oral con-
traception in the occurrence of myocardial infarction (Jick et al. 1978) have
been studied using the case-control method. While seldom used in the
social sciences, case-control studies are an appropriate method to investi-
gate problems of interest to behavioral scientists and are a particularly effi-
cient way to study issues involved in drug use including HIV-1 infection.

The major strengths and limitations of case-control studies, which in large
part are the mirror image of limitations and strengths of longitudinal inves-
tigations, are summarized in table 2.

The strengths of case-control studies include efficiency of time and econ-
omy. Case-control studies usually can be completed much more quickly
than longitudinal studies and cost less money to conduct. Since participants
are selected on the basis of disease status, case-control investigations are
well suited for the study of rare diseases. In addition, case-control studies
allow the investigation of multiple potential causes of a disease or condi-
tion. This is of particular importance in the examination of HIV-1 infection
among drug users. Because drug users engage in many risky behaviors, it is
important to be able to determine multiple behaviors that lead to transmis-
sion and infection of the virus in this population.

It is not possible to directly measure risk using the case-control methodol-
ogy, but it is possible to assess relative risk. The relative risk estimates the
magnitude of an association between a characteristic and condition and
indicates the likelihood of developing the condition in the
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Table 2. Strengths and Limitations of the Case-Control Study Design

Strengths

Is optimal for the evaluation of rare diseases.

Can examine multiple etiologic factors for a single disease.
Is relatively quick and inexpensive.

Is particularly well-suited for the evaluation of diseases with long latency
periods.

Limitations
Is inefficient for the evaluation of rare exposures.

The temporal relationship between exposure and disease may be difficult to
establish.

Is prone to bias, particularly selection and recall bias.

Cannot directly compute incidence rates of disease in exposed and nonex-
posed groups.

group exhibiting the risk behavior compared with those not having that
characteristic. Although the direct calculation of the relative risk in a case-
control study is not possible relative risk can be approximated by calculat-
ing an odds ratio. The ability to express some approximation of risk is
important to the success of research investigating behaviors associated with
HIV-1 infection among drug users.

There are limitations to the case-control method. Generally it is not good
for the evaluation of rare exposures or characteristics. If the exposure under
investigation is rare, too large a sample size would be needed to efficiently
utilize the methodology. Perhaps the most serious limitation of this type of
study is that it is susceptible to bias, particularly selection and recall bias.
The case-control study must be carefully designed and conducted so that all
possible biases are minimized.

STRATEGIES FOR ENHANCING
KNOWLEDGE OF HIV-1-RELATED DISEASE

Many of the initial research questions addressed by existing studies have
been relatively narrow in focus—seroprevalence has been the common
objective of most projects. The next step is to expand the breadth of these
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natural history inquiries and to increase our knowledge of HIV-1 related
disease. This can be accomplished by utilizing existing research designs,
methodologies, and study populations in creative ways to address emergent
research questions that were not central to the initial aims of ongoing
projects.

Other Research Designs

Longitudinal research designs will continue to form the backbone of the
methodology of natural history investigations. However, the demand for
rapid understanding of the multiple facets of this pandemic places special
responsibilities upon researchers to identify alternative research designs
that will supplement longitudinal investigations with innovative studies that
relatively quickly produce information on specific research questions.

In addition to the longitudinal (or cohort) study and the case-control study,
a number of additional designs should be considered when questions about
natural history are being addressed. These designs have different strengths
and weaknesses, but arc most affected by whether:

1. the study is experimental

2. the frequency of outcome(s) to be studied is more or less than the
rarity of exposure(s)

3. there is need for sequential measurements of exposure

4.  there is an alternative mechanism for either the ability to detect all dis-
eases (outcomes) in a population and/or to record relevant exposures
on the entire population, without the enrollment of all members

5.  the inherent costs involved in carrying out the study

Nested Case-Control Studies

The most important of these designs is the nested case-control design. A
nested case-control investigation is a case-control study that is imbedded
within an ongoing project. Nested case-control studies could utilize the
large data base of an ongoing longitudinal study to identify cases and their
controls or comparisons and enroll them in a supplementary study designed
to answer specific research questions. Nested studies are particularly
appealing because they enable the researcher to add new research questions
to an ongoing research project for far less cost than would occur with a
stand alone case-control study.
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Nested case-control studies could be used for a variety of pressing issues,
some of which are relevant not only for HIV/AIDS research, but also for
drug use research in general. For example, knowledge of the factors related
to the initiation of intravenous use, which is integral to both substantive
areas of inquiry, is amenable to a nested case-control design. Questions
about the initiation of IV use could be addressed by identifying cases who
recently had initiated IV use from a cohort of drug users. Persons who had
not progressed to drug injection would be identified from the same study
population and enrolled as comparisons or controls. Similarly for questions
of cessation of IV use, the nested case-control design could be used to select,
from an ongoing study population of IVDUs, cases (persons who cease IV
use) and compare them with controls (others who continue to inject).
Information obtained in these investigations could be integrated into pre-
vention or treatment intervention programs that seek to prevent or reduce
high risk injection behavior.

While a number of studies of risk factors for HIV-1 infection among IVDUs
have been reported, all of them have been based to date upon seroprevalent
rather than seroincident cases. The use of prevalent cases is problematic
because no one knows approximately when each prevalcnt case became
seropositive for antibodies to HIV-1, and consequently it is not possible to
establish with some certainty the time order of exposure behavior and sero-
conversion. This makes investigations of the risk factors for seroconversion
imprecise and confounds the observed relationships between risk behavior
and HIV-1 status. This problem would be resolved to a large extent if
seroincident cases were studied.

Some ongoing longitudinal studies being undertaken by one of the authors
(Chitwood) are utilizing a nested case-control design to investigate risk fac-
tors for seroconversion. Cases are identified from the larger cohort and
compared with controls who also have been selected from that cohort.
Nested case-control studies should be implemented to address several
important questions about the natural history of HIV-1 related disease.

Additional Designs

Other less commonly used designs include case-cohort studies, followup
prevalence studies, selective prevalence studies, repeated surveys, and space-
time cluster studies. (See Kleinbaum et al. 1986 for a general introduction
to these and related designs.) Three additional designs that deserve partic-
ular attention are discussed below.
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Historical Cohort Studies

Another variation of existing methodologies is the historical cohort study.
A historical cohort study is an analytic design in which the outcomes have
occurred before the start of the investigation. Cohorts are established as in
longitudinal studies, and exposure and outcomes are assessed from existing
records. The followup period until the occurrence of disease may be wholly
or partially in the past. Despite the fact that this type of study utilizes pre-
viously collected data, it is analytic or longitudinal in nature as it proceeds
from cause to effect, i.e., from exposure to disease. The information col-
lected covers a time interval extending from past to present rather than from
present to future.

Historical longitudinal studies are less expensive and faster to conduct than
other longitudinal studies. However, to conduct such a study the investiga-
tor must rely on records that may or may not be reliable and complete. It is
often difficult to find adequate, complete records and information on a co-
hort of IVDUs over the required period of time. Treatment facility records
offer a possible data source if they are sufficiently complete or comprehen-
sive to document necessary exposures and outcomes. In the case of HIV-1
infection, in order to do a historical cohort study with a group of IVDU, it
is necessary to be able to document when seroconversion occurred. As
more and more IVDUs in treatment programs are tested repeatedly for
HIV-1 seropositivity, this may become a feasible approach in the immediate
future.

Banked sera studies arc the most familiar example of the use of this type of
study design for natural history studies. Several groups have reanalyzed
existing sera samples to describe the prevalence of a variety of viruses such
as HIV-1, HIV-2, HTLV I, and HTLV II (Saxinger et al. 1989).

Linked Record Analysis

A related approach to limiting expense and followup of a study is to use an
existing system for monitoring the event or occurrence under study. For
example, if AIDS or other HIV-1 related disease such as lymphomas or
Kaposi’s sarcoma or mortality is the outcome under study, established reg-
istries may be used to ascertain diagnosis among cohort members. If the
cost of case ascertainment is already being borne by the registry, this will
reduce the cost to the study. An example of this type of study is research by
Selwyn ct al. (1989h)that examines the mortality and morbidity due to HIV-
1 associated disease among clients of a methadone maintenance program in
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New York City. These researchers have examined the registries of New
York City and hospital records to ascertain mortality and morbidity and
calculate mortality and morbidity rates for specific diseases.

Network Analysis

In addition to designs used in epidemiological studies, other disciplines also
offer methodologies or unique types of studies that can add to our knowl-
edge of the natural history of HIV-1 among IVDUs. For example, ethno-
graphic studies can directly observe drug and needle use behavior in varied
settings such as in shooting galleries. One ethnographic strategy of partic-
ular value in natural history studies is network analysis (Burt 1982). Net-
work analysis is a tool that can aid in our understanding of HIV-1 transmis-
sion among IVDUs. Network analysis uses the networks of social relation-
ships among IVDUs to observe and describe links among study participants
that increase or decrease risk of transmitting or developing HIV-1 infection.
The social relationships explored through network analysis among IVDUs
are on the simplest level “drug use activated,” that is, people in the network
know and interact with each other for the purpose of procuring and using
drugs. However, links among network participants often include other rea-
sons for making regular contact with another person in the network, e.g.,
kinship, sexual postures, employment. By studying this network of social
relationships, the role of both intravenous drug use and sexual behavior in
the mechanisms of transmission of HIV-1 among a discrete group of people
can be clarified.

Two concepts of network analysis of particular interest are the form of the
network (morphology) and the reasons why people associate with each
other in the network (content). For example, the morphology of a network
can be dense, a situation in which everyone who participates in the network
knows everyone else in the network. Or conversely, a central person in the
network may have links to all the people in the network but the other peo-
ple do not have links with each other. The content describes the actual
interrelationships and interactions among those belonging to a specific net-
work. Both concepts are important to the understanding of the social con-
text of the network.

Network analysis has been used to study drug use (Hawkins and Fraser
1985; Westermeyer and Neider 1988) and the spread of AIDS (Klovdahl
1988; Laumann 1989). Because network analysis investigates relationships
and behaviors in a subpopulation or network of IVDUs, it is an efficient
method to study interactions and relationships that may place an IVDU at
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higher risk for HIV-1 infection and to determine the social relationships
and patterns involved in transmission of the virus. The type of data col-
lected in network analysis studies is of particular interest to colleagues who
are modeling the development of the AIDS epidemic.

RECOMMENDATIONS

A Proposal to Pool Subjects From Multiple Studies

Several research questions regarding rare outcomes often cannot be
addressed quickly by any single research project because of the finite num-
ber of available study subjects. For rare outcomes, the nested case-control
study design could be effective across study sites to accrue appropriate cases
and their controls who in turn would be pooled for analysis. This approach
has been used effectively for studies of rare tumors (Meinert 1986) and with
clinical trials of antiviral drugs for HIV-1 such as AZT (Parks et al. 1988).

Pooling of cases is of particular value when the study questions concern rare
or costly to detect outcomes or relatively small demographic groups of par-

ticular research significance. = Examples of subject areas for which this
methodology is appropriate include risk factors for seroincidence studies of
HIV-1 or queries about Kaposi’s sarcoma among IVDUs. Nested case-con-
trol studies could be used to pool subjects. Study subjects who meet case
criteria would be identified from various longitudinal projects and entered
into a separate cooperative nested case-control study. In this manner, the
number of necessary cases could be accrued in a relatively short time period.

Pooling of study subjects is not restricted to studies of rare outcomes, but is
appropriate for investigations of rare exposure or risk groups as well. For
instance, little is known about drug injection among Native Americans
(Myers et al. 1989) and the number of Native American IV drug users
enrolled within most studies of HIV-1 is relatively small. If Native
American study participants from several ongoing investigations could be
accrued into a separate investigation, a wide variety of research questions
about HIV-1 infection and risk within this important demographic group of
IVDUs could be addressed.

A model for a cooperative group multicenter investigation already exists
among researchers who are conducting studies of rare outcomes, e.g.,
tumors (Meinert 1986). This approach should be replicated and adapted to
address pressing issues about the natural history of HIV-1 infection and
related disease among IVDUs.
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A multisite investigation is essential when three general conditions exist.
First, there should be evidence that multicenters are needed to meet the
sample size requirements of the investigation. This is obvious for questions
of seroincident IVDUs. No studies of seroincident IVDUs have been
reported for this very reason. Second, there should be an identifiable group
of investigators who are willing and able to follow specific enrollment and
data collection protocols. Third, there should be an identifiable set of
research centers with adequate support staff and facilities to carry out the
study, whether it is epidemiologic or clinical in nature. The interdisciplinary
nature of several research center teams who are now studying natural his-
tory as single site programs is clear evidence that research on all aspects of
the natural history of HIV-1 related disease can be done.

The procedure is very straightforward. Each site would continue its ongoing
investigations but would pool seroincident cases and other study partici-
pants or sera for studies that cannot reasonably be conducted by a single
site. Funding of cooperative site investigations would not only produce
findings that otherwise could not be accomplished, but would perform a
dual service of strengthening the individual centers, thus enhancing their
ongoing projects. Studies would be task specific and not a perpetuation of a
structure that was not productive.

CONCLUSION

The urgency inherent in the AIDS epidemic has brought together into
research on drug use and HIV-1 related disease a heretofore unheard of
number of interdisciplinary teams of researchers. These research groups
now are following large cohorts of IVDUs, other drug users, their sexual
partners, and their children. Natural history studies need to expand the
breadth of research questions that presently are being addressed. The use of
specific research designs, e.g., nested case-control studies, to supplement
ongoing single site projects will enhance the work that is in progress. How-
ever, major research questions about risk behavior and disease progression
are best addressed with a study population of seroincident IVDUs. Unfor-
tunately, single research sites have not demonstrated the ability to recruit
seroincident study participants in large enough numbers to conduct these
studies in a timely manner. Because of the need for information as soon as
possible, it is essential that multisite cooperative groups be developed to
accrue and pool sufficient seroincident cases (and other similarly rare expo-
sure groups or study populations) that are essential to the careful investiga-
tion of key research questions. This approach would provide important
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information in a timely manner. Models for cooperative groups exist in
medical research and should be adapted to investigate the natural history of
HIV- 1 among drug users.
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3. Natural History of HIV
Infection in Gay Men and
Intravenous Drug Users

Gerald Friedland

This paper will address issues relating to the current state of knowledge of
the natural history of HIV infection in homosexual and bisexual men and
intravenous drug users. Similarities and differences between these two
major populations in the HIV epidemic in the United States will be
explored, including: (1) a review of the existing natural history studies in
both populations, (2) a description of the infections and other HIV-related
complications that do not meet the Centers for Disease Control AIDS
surveillance definition (Centers for Disease Control 19875) but which are
of great importance in producing additional burden of HIV-induced disease,
(3) a comparison of the opportunistic infections and malignancies that do
meet the Centers for Disease Control AIDS case definition, (4) an explo-
ration of the existing data on survival once the diagnosis of AIDS has been
established, and (5) a review of selected information on cofactors that may
result in acceleration of progression of HIV infection.

The HIV epidemic may be viewed as a series of overlapping smaller epi-
demics in quite disparate populations such as gay men and intravenous drug
users. Although a substantial amount of information has been acquired
during the past 7 years among both gay men and intravenous drug users,
comparisons between these two major populations affected by the HIV epi-
demic are difficult. To some extent, this is the result of differences in
methodologies in various studies including variations in sampling and

Preparation of this chapter was supported by grant no. DA 04347 from the
National Institute on Drug Abuse.
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surveillance. Further, the assembly of some of the cohorts to study the natu-
ral history of HIV infection in these populations has started at different
points in time in the epidemic, thereby limiting generalizable conclusions
about natural history.

Of obvious comparative interest is the differences in sexual and drug use
practice which are the major point of divergence between the two groups
and which may influence natural history. Issues such as route of acquisition
of infection, frequency of repetitive exposure, and change in high risk
behavior are of potential importance in both infection acquisition and natu-
ral history. These must be seen, however, against a background of major
differences in the two populations in geography, gender, race, ethnic back-
ground, and socioeconomic status. These demographic and socioeconomic
differences likely influence the natural history of HIV disease and may be as
important as, or more important than, the more obvious differences in
behavior resulting in HIV acquisition. Clear socioeconomic status differ-
ences exist between drug users compared with many homosexual and
bisexual men (Friedland 1989). For example, in New York City, 50 percent
of intravenous drug users are on public assistance and Medicaid and have
not finished high school. In contrast, among homosexual men in San
Francisco, 44 percent have tax earnings over $25,000 and 55 percent have
college degrees. In the Bronx, a borough of New York City, 65 percent of
intravenous drug users and their families have incomes under $10,000 per
year, and in 80 percent of households this income supports three or more
people (Friedland et al. 1986). Over 80 percent of heterosexual intravenous
drug users with AIDS in the United States are black or Hispanic, whereas
over 70 percent of gay men with AIDS are white (Centers for Disease
Control 1988b). Health status indicators among blacks and Hispanics of
low socioeconomic status indicate a higher rate of infant mortality, shorter
life expectancy, and increased morbidity and mortality from injuries and
infectious, cardiovascular, and malignant diseases (Centers for Disease
Control 1986, 1987a, 1988a, U.S. Department of Health and Human
Services, 1985). Intravenous drug users, specifically, have been known to
have significantly higher age specific mortality rates than nondrug users long
before the HIV epidemic (Friedland 1989). In addition to these issues of
baseline health status, access to health care and quality of health care may
also influence the natural history of HIV infection. Surveillance for infec-
tion and disease, early intervention, and appropriate diagnoses and treat-
ment of HIV complications are likely to be different in the two populations
as a reflection of the baseline socioeconomic differences. All of these differ-
cnces confound pure comparisons of HIV natural history between the two
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populations. Finally, biologic differences, such as those relating to age, gen-
der, and race, likely have an influence on development of disease and
survival.

There are more and larger natural history studies in homosexual and bisex-
ual men than in intravenous drug users. However, several large cohort
studies among intravenous drug users now exist, and despite the caveats
noted above, it is now possible to make rough comparisons between the two
populations on the basis of these studies.

NATURAL HISTORY COHORT STUDIES

HIV infection is best understood as a chronic progressive viral illness that
most directly affects the immune and nervous systems. The chronicity of
HIV infection and the relatively recent establishment of natural history
cohorts have resulted in the development of precise information at either
end of the time course of the natural history of infection. Knowledge exists
about the events that occur soon after seroconversion; those events that
occur after HIV infection have been established for many years. The pro-
longed middle period of HIV infection, which may extend from 2 to 3 years
from the onset of infection to 7 to 8 years after infection has been present,
has not yet been defined precisely in existing natural history studies. To
define the early period of HIV infection, very large cohort studies are re-
quired that enroll substantial numbers of HIV seroconverters—initially
HIV seronegative individuals who become HIV positive while under obser-
vation. Much of this early portion of HIV infection can be characterized in
both gay men and intravenous drug users from several large incident natural
history cohort studies (table 1).

There are two representative large incident natural history studies among
gay men. The San Francisco men’s cohort study initially enrolled men with
known dates of HIV seroconversion (Lifson et al. 1989). In this study 63 of
the 121 still under observation, or 52 percent, have developed AIDS at 100
months of followup. The Multicenter AIDS Cohort Study (MACS), which is
being carried out in four cities in the United States, has enrolled over 200
men who have seroconverted in the study from HIV seronegative to positive
(Saah et al. 1989). Twelve of these, or 5 percent, have developed AIDS at 48
months of followup. Of note, both studies indicate that among gay men the
incidence of AIDS in the first 3 years from the time of HIV seroconversion
is very low—+4 percent and 3.2 percent, respectively. One incident natural
history cohort study being performed among intravenous drug users has
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Table 1. Incident natural history cohorts—Homosexual men and intra-
venous drug users

Mean
No. AIDS cases/ followup Follow-up  Case rate per year
Total (percent) (in months) rate 1 2 3 4 5 6

Homosexual men

Lifson et al. 1989
(San Francisco) 63/121
(52%) 100 45% 0 1 4 101525
Munoz et al. 1989
Saah et al. 1989
(MACS/U.S.) 12/233
(5%) 48 - 016 32 3.7 - -

Intravenous drug users

Rezza et al. 1989

(Italy) 13/205
(6%) 26 69% 1.52.999179-

been published (Rezza et al. 1989). This study is being carried out at multi-
ple sites in Italy. The study has enrolled 205 seroconverters, who have been
followed for a mean of 26 months. Thirteen (6 percent) have developed
AIDS, and an additional 11 (5 percent) have developed HIV-related illness.
The calculated incidence rate in this population is 2.9 per 100 person/years
for the development of AIDS in the first 24 months of the study.

Thus, the available studies in both gay men and intravenous drug users indi-
cate that the vast majority of persons infected with HIV remain without dis-
ease during the first several years of HIV infection. The rate of development
of AIDS showed a marked increase in the third year among drug users to 9.9
per 100 person/years. The study design, however, involves passive clinical
reevaluations. Thus, those persons who are sickest may be reporting more
frequently for clinical evaluations, biasing the study toward a higher compli-
cation rate. In addition, only a small number of the total cohort of 205 have
been followed for more than 48 months, so calculations beyond this point
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are unreliable. Enrollment of most of the cohort occurred in 1985 to 1988,
and the opportunity for sufficient followup has not yet occurred. Despite
these qualifications, it is reasonable to conclude that the early occurrence of
the most serious complications of HIV infection is similar in both popula-
tions. For most individuals, apart from the occurrence of the acute retroviral
syndrome at the time of seroconversion, there appears to be a disease-free
period of several years following acquisition of HIV infection. This observa-
tion has now been supported further by a similar finding in large cohort
studies among HIV positive hemophiliacs and transfusion recipients (Ward
et al. 1989; Goedert 1989).

A greater number of clinical outcome measures in both gay men and intra-
venous drug users are available in prevalent natural history cohort studies
(table 2). These studies enrolled patients who were either seropositive or
seronegative for HIV at study initiation. The time of acquisition of infection
is not known. Thus, apart from new incident seroconverters, little informa-
tion is available on early HIV infection from these studies. However,
because patients enrolled often have been infected with HIV for substantial
periods of time, large numbers of outcome events can be documented and
the later portion of HIV infection is more available for scrutiny. Four stud-
ies are available for evaluation and comparison (table 2). These include a
study among gay men followed at San Francisco General Hospital (Moss et
al. 1988), the Multicentcr AIDS Cohort Study (MACS) of gay men (Munoz
et al. 1989), and two New York City studies of intravenous drug users, one
in the Bronx (Selwyn et al. 19895) and one in Manhattan (Des Jarlais et al.
1987). The large number of enrollees and reasonably good followup rates
allow for comparisons between these studies. Of note, the San Francisco
and Bronx studies have identical numbers of seropositive individuals at
enrollment and very similar rates of development of AIDS over periods of
approximately 3 years of observation. The AIDS rate in San Francisco was
17 percent among gay men and that in the Bronx was 12 percent among
intravenous drug users. After 1 year of observation in these cohorts, 5 per-
cent of the men in San Francisco developed AIDS, and 4 percent of the
male and female intravenous drug users in the Bronx developed AIDS. At
year 2, 11 percent and 9 percent and at year 3, 22 percent and 15 percent of
individuals in the two populations developed AIDS. Although there arc
possible different entry points in the course of HIV infection in these two
studies that limit direct comparison, it is, nevertheless, striking that similar
rates of development of AIDS and HIV-related disease appear to be occur-
ring in these cohorts assembled in different parts of the country and among
individuals with different risk behavior.
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Table 2. Prevalent natural history cohorts—Homosexual men and
intravenous drug users

No. AIDS Mean AIDS case
cases/total followup Follow-up rate per year ~AIDS
(percent) in months rate (percent)  incidence

Homosexual men

Moss et al. 1988
(San Francisco) 50/288

(17%) 36 81% 1(5)
(19%) 2(11)
3 (22)

Munoz et al. 1989
Saah et al. 1989
(MACS/U.S)) 304/1,628
(19%) 48  77-93% 3.8/100
person year

Intravenous drug users

Selwyn et al. 19895

(Bronx) 34/288
(12%) 31 83% 4.5/100
person years
1(4)
209
3 (15)
Des Jarlais et al. 1987
(Manhattan) 4/165
(3%) 9.2 83%

An important related issue that is currently the subject of extensive study is
the presence of laboratory makers that may predict outcome of HIV infec-
tion. These have been carried out largely among homosexual and bisexual
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men. These studies indicate that CD4 cell count and/or percentage of CD4
cells, the presence of P24 antigen, and the level of beta 2 microglobulin pre-
dict progression to AIDS among those who are infected with HIV (Moss et
al. 1988; Lang et al. 1989). The evaluation of these markers is currently
being carried out among intravenous drug users, but no substantial compar-
ative information about their utility is currently available. Use of these sur-
rogate markers will help determine appropriate points for therapeutic and
preventive medical interventions such as antiretroviral therapy or infection
prophylaxis. They also may make it possible to create models of duration of
HIV infection that may aid in direct comparisons of natural history cohort
studies. An important caveat is the likelihood that the performance charac-
teristics of these surrogate markers may differ in different populations. For
example, HIV p24 antigen rates differ between blacks and whites at the
same stage of HIV infection (Fuchs et al. 1989), and baseline B,

microglobulin baseline values are higher among intravenous drug users than
other populations (K. Davenny and G.H. Friedland, unpublished data).

SURVIVAL FROM AIDS DIAGNOSIS

The entire length of natural history of HIV infection may never be com-
pletely determined, since direct intervention with antiretroviral therapy and
prevention of opportunistic infections have become standard practice.
However, complete information is available about survival once the diagno-
sis of AIDS has been made. This represents a clearly defined point in time
from which most patients are under some form of health care or observa-
tion. Because of the relatively brief survival time from the diagnosis of AIDS
and the clearly defined point of death, the course of this final segment of
HIV infection can be well documented.

Reported survival data in the absence of specific antiretroviral therapy arc
available from several sources. These have some limitations because of the
relative homogeneity of the populations studied and the discrepancies in
clinical care available. The survival of AIDS patients from the time of diag-
nosis before specific antiretroviral therapy was available has been reported
from several geographic areas, including New York City in a heterogeneous
population of gay men, intravenous drug users, and others (Rothenberg et
al. 1987); the Bronx, New York City, in a heterogencous population
(Friedland et al. unpublished); San Francisco among homosexual men
(Bacchetti et al. 1988); New Haven in both intravenous drug users and
homosexual men (Justice et al. 1989); and Barcelona in a population com-
posed predominantly of intravenous drug users (Batalla et al. 1989). The
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reported median survival of all AIDS patients in these studies was 11

months in New York City and San Francisco, 5 months in New Haven, and
12.8 months in Barcelona. In the largest series, a cohort of close to 6,000
patients with AIDS diagnosed in New York City before 1986, the cumula-
tive likelihood of survival was 49 percent at 1 year and 15 percent at 5 years
(Rothenberg et al. 1987). In a smaller but more closely followed series of
over 500 AIDS patients in San Francisco who were almost all homosexual
men and were followed through 1985, the estimated 1-year survival rate was
44 percent and 3-year survival rate, 11 percent (Bacchetti et al. 1988). The 1-
year survival for patients presenting with Pneumocystis carinii pneumonia
varied in these studies from 45 percent in New York City to 30 percent in
San Francisco. Additional data indicate that survival in the Bronx popula-
tion in which intravenous drug users were the major group was similar to
that during a comparable time period reported from San Francisco almost
exclusively in homosexual or bisexual men (Friedland et al. unpublished).

In the San Francisco study, 99 percent of patients were male homosexuals
and 92 percent were white. As a result only limited survival comparisons by
demography were possible. The more diverse populations in New York City
and Barcelona have allowed for comparisons by risk and demography. In
San Francisco among gay men, age was shown to predict survival, with older
men having a significantly shorter survival than younger men. In the series
from multiple institutions in Barcelona, older age was also associated with
shorter survival and, interestingly, intravenous drug users had a more favor-
able survival than other groups. In the New York City study, excess risk was
related to age and also to sex, race, and ethnic background. Women’s sur-
vival was shorter than men’s, and whites lived longer than blacks. These sur-
vival differences may reflect differences in availability and use of health care
facilities or clinical care itself.

For example, there has been a proportionately larger increase in AIDS
reporting among intravenous drug users compared with homosexual and
bisexual men in the northeastern United States since the revision of the
CDC case definition (Centers for Disease Control 1987b). This is presum-
ably the result of more flexible and less precise diagnostic criteria allowing
for the inclusion of more patients whose diagnostic evaluations were
incomplete. To minimize these potential confounders, case series from sin-
gle institutions where comparable clinical care is available, and a diversity of
risk behavior and demography are seen, are necessary. In the series from a
single institution in New Haven a diversity of risk, race, and gender were
present, and some differences in survival were noted (Justice et al. 1989).
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However, the numbers of patients in diagnostic and demographic categories
were small and statistically significant differences were not demonstrated. In
the study from the Bronx (Friedland et al. unpublished), most patients came
from a single geographic area, and regardless of risk behavior were of simi-
lar socioeconomic status and received comparable clinical care from a single
medical center. Here the presence of all risk behaviors, and the large num-
ber of patients with different racial and ethnic backgrounds, ages, and both
male and female gender, permitted comparisons unavailable in other
studies.

In most studies of survival, the initial presenting AIDS diagnosis was the
most powerful predictor of survival. This is likely the result of organ system
involved, degree of immunosuppression at presentation, and efficacy of
available therapy. In the Bronx population, in addition to the AIDS pre-
senting diagnosis, survival was also predicted by several demographic char-
acteristics and risk behaviors. As in other studies, younger age and male
gender emerged as predictors of a more favorable survival. In addition,
within the group of patients presenting with Pneumocystis carinii pneumo-
nia alone, different risk behaviors were associated with differing survival.
Surprisingly, intravenous drug use was associated with longer survival, a
result which was also found among AIDS patients in Barcelona (Batalla et
al. 1989). Of note, patients who were black had the longest survival,
Hispanic patients had an intermediate duration of survival, and white
patients the shortest survival. The differing survival experience among these
various groups may imply the presence of biologic, behavioral, or clinical
care factors that might influence survival once AIDS is diagnosed. The
nature of these factors remains unknown. One hypothesis explaining the
longer survival in intravenous drug users is that they represent a selected
survivor population. Intravenous drug users who develop AIDS have a mean
age of 34 and thus already represent a population of survivors of long-term
drug use and its complications.

Since differences in survival were most strongly associated with differences
in presenting opportunistic infection, it is noteworthy that the distribution
of presenting opportunistic infections appears to vary significantly between
homosexual men and intravenous drug users. For example, it has been long
been known that Kaposi’s sarcoma, the AIDS-defining diagnosis associated
with the longest survival, is most prevalent among homosexual and bisexual
men and infrequent or even rare among intravenous drug users (Haverkos
et al. 1985; Des Jarlais et al. 1984). An association between nitrite inhalants
and Kaposi’s sarcoma in HIV infected homosexual men has been made. This
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or other cofactors related to a homosexual lifestyle appear important in the
development of this complication of AIDS, but data are insufficient to prove
the relationship or define the mechanism (Haverkos 1988). Less well
known, but of similar importance, is the apparent increase among intra-
venous drug users in the frequency of presenting AIDS opportunistic infec-
tions that are associated with a shortened survival. For example,
cryptococcal meningitis and disseminated disease and Mycobacterium avium
intracellulare infection appear to be more frequent among intravenous drug
users compared with gay men (G.H. Friedland, unpublished observation).
The decreased frequency of Kaposi’s sarcoma among intravenous drug
users, which is associated with longer survival, and increased frequency of
shorter survival associated fungal and bacterial infections would tend to
result in shorter survival periods from the time of AIDS diagnosis in this
population. This can obscure overall survival differences between popula-
tions and requires stratification by specific disease presentation. The longer
pneumocystis survival among intravenous drug users compared with gay
men is, therefore, particularly noteworthy.

To more fully appreciate patterns of survival, it is clear that substantially
more information should be acquired related to the difference in distribu-
tion of AIDS defining illness among populations with various risk behav-
iors. At present, there appears to be sufficient information to state that
intravenous drug users and gay men who present with the same initial AIDS
defining illness may have similar survival patterns when comparable health
care is available. Indeed, the length of survival among intravenous drug
users in this setting may even be more favorable.

HIV-RELATED INFECTIONS
AND OTHER COMPLICATIONS

As a clinical outcome, AIDS represents only a fraction of the illness associ-
ated with HIV infection. However, there are insufficient uniformly collected
population-based data regarding non-AIDS HIV-related illness among both
gay men and intravenous drug users. Recent observations indicate that there
is a larger spectrum of severe HIV-related disease among intravenous drug
users, particularly in New York City (Stoneburner et al. 1988). This spec-
trum of disease is not included in the Centers for Disease Control AIDS
case definition and, therefore, has been underreported and is difficult to
quantitate. The accumulating evidence from many quarters is convincing
and seems to indicate as well that this burden of HIV-related disease is
greater among intravenous drug users than homosexual men or other indi-
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viduals infected with HIV. Increasing mortality in intravenous drug users
not reported as AIDS occurred in New York coincidentally with the AIDS
epidemic during the 5-year period from 1981 to 1986 (Stoneburner et al.
1988). Narcotics-related deaths increased an average of 32 percent per year.
The increase included deaths from AIDS, but also deaths from other causes,
many of which were infectious diseases. In this latter category deaths
increased from 492 in 1981 to 1,092 in 1986.

Additional documentation of an increased burden of HIV-related disease in
the population of intravenous drug users in the Bronx has emerged from a
longitudinal study of HIV infection as well as by careful clinical observation
in the Montefiore Methadone Treatment Program. The prospective popula-
tion-based design of this longitudinal work has resulted in the precise
documentation of the amount of excess risk of bacterial pneumonia related
to HIV infection in this population (Selwyn et al. 1988). Among 144 HIV
seropositive individuals without AIDS, the rate of hospitalization for bacte-
rial pneumonia was 9.7 percent compared with a rate of 2.1 percent among
289 HIV seronegative individuals (risk ratio 4.7, 95 percent confidence lim-
its 1.8-11.9). Controlling for active drug use did not alter this significant
difference. The majority of these pneumonia episodes were with S. pneu-
moniae and H. influenzae. Further, pneumonia severity appeared greater
among HIV seropositives. Mortality from pneumonia occurred among the
HIV seropositives only, and their length of hospital stay was significantly
longer than for the HIV seronegatives. Population based information is
lacking about pneumonia rates in HIV positive gay men. Only one study in
New York has attempted to address this issue in an epidemiologic context
(Polsky et al. 1986). An apparent increased clinical occurrence of bacterial
infection in gay men has been described in San Francisco as well (Krumholz
et al. 1989). It appears at present that bacterial pneumonia risk is greater
among HIV positive intravenous drug users. The relative rates of pneumo-
nia in several populations are recorded on table 3. Of note is the high base-
line rate of pneumonia in HIV negative intravenous drug users compared to
the general population and even to gay men with AIDS (Selwyn et al. 1988;
Polsky et al. 1986, Simberkoff et al. 1984; Witt et al. 1987; Schrager 1988).

Information about tuberculosis and its relationship to HIV infection and
intravenous drug abuse has been acquired from several sources. The consis-
tently downward trend in tuberculosis rates in the United States during the
past 20 years ended in 1985 (Rieder et al. 1989). An excess of over 9,000
cases of tuberculosis has occurred since then. These cases are concentrated
in inner city areas of high intravenous drug use and HIV infection preva-
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Table 3. Incidence of bacterial pneumonia in different populations

Incidence per

Study Population 1,000 patient years
Schrager 1988 General population 2.6
Polsky et al. 1986 Homosexual men with AIDS 17.0
Simberkoff et al. 1984 Intravenous drug users with AIDS 95.0
Witt et al. 1987 Intravenous drug users with AIDS
or ARC 45.0
Selwyn et al. 1988 Intravenous drug users
without AIDS
HIV- 27.0
HIV+ 97.0

lence. Their occurrence in time and place in parallel with the HIV epidemic
strongly supports an epidemiologic association. Clinical and serologic series
from inner city areas in the New York metropolitan area and other parts of
the United States further support the relationship between HIV infection,
drug use, and tuberculosis (Sunderam et al. 1986; Chaisson et al. 1987;
Centers for Disease Control 1989). Precise calculation of the excess risk
created by HIV infection requires population-based controlled studies. Such
information can be derived from the longitudinal studies of HIV-related
disease in the Montefiore Methadone Treatment Program (Selwyn et al.
1989a). Active tuberculosis developed in 8/217 HIV seropositive subjects (4
percent) and in 0/303 seronegative subjects (p <.002) under observation for
approximately 2 years. Although the prevalence tuberculous infection as
measured by PPD skin test positivity was similar for both HIV positive and
HIV seronegative intravenous drug users, the risk of development of active
tuberculosis was elevated only for HIV seropositive subjects, the result of
reactivation of latent tuberculous infection. In this study a greater than
twentyfold increase in risk of active tuberculosis resulted from HIV infec-
tion. In addition, the results supported the aggressive use of chemoprophy-
laxis against the development of tuberculosis in patients with HIV infection
and a positive PPD test. The baseline PPD positive rate among methadone
program enrollees was 20 percent to 25 percent. Although exact data are not
available, the baseline PPD positive rate among middle class gay men is
probably one tenth that in poor drug users of black and Hispanic back-
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ground. Clinical tuberculosis will appear in populations with coinfection
with M. tuberculosis and HIV. The higher baseline of M. tuberculosis infec-
tion among drug users ensures a continuing higher rate of active tuberculo-
sis compared with gay men. Increased rates of severity of other infectious
diseases traditionally associated with drug use, such as bacterial endocardi-
tis, have also been noted (Schrager 1988).

This enhancement of risk of secondary infection is illustrated by an exami-
nation of the impact of the AIDS epidemic on morbidity and mortality in
the Montefiore methadone program from 1984 to 1987 (Selwyn et al.
1989c¢). Here trends in overall and cause-specific death rates, AIDS inci-
dence, and medical hospitalizations were followed, with outcomes identified
by active surveillance and review of hospital and autopsy records. Total
deaths increased from 13.3/1,000 in 1984 to 44.2/1,000 in 1987 (»p=.0001).
Whereas deaths from cirrhosis, overdose and trauma showed no significant
increases, those due to AIDS (3.3 to 14.7/1,000) and bacterial pneumo-
nia/sepsis (3.6 to 13.6/1,000) increased significantly. Further, the rates of
hospitalization for these medical illnesses increased dramatically coincident
with the HIV epidemic. These data indicate a profound impact of not only
AIDS among intravenous drug users in treatment programs but also of the
expanded spectrum of HIV-associated disease in this population. They
clearly demonstrate the need for expansion of existing resources in
treatment programs to meet the growing need for HIV-related care. Similar
dramatic increases in this array of non-AIDS but clearly HIV-related illness
among gay men has not been as clearly or precisely documented and should
form the basis of further comparative studies.

COFACTORS

Cofactors that might influence the course of HIV infection have been
sought in both populations. Much attention has been directed to biologic
factors such as differences in the virus and differences in genetic makeup of
the host. However, no clearly defined biologic cofactors have been identi-
fied. As previously noted, there appear to be differences in survival by race,
age, and gender that are not currently explained. A logical area of explo-
ration is the role of behaviorally related cofactors that may influence the
progression of HIV disease. Here behavioral and disease progression com-
parisons between gay men and intravenous drug users may provide inter-
esting insights.
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Among those cofactors that have been postulated as influencing the natural
history of HIV are those related specifically to the continuation of sexual
and drug use behavior. One early study suggested that continuing high risk-
sexual behavior was associated with the development of AIDS in gay men
(Polk et al. 1987). However, this was likely a marker for earlier infection
rather than a true cofactor. In other studies among gay men, behavioral
cofactors could not be identified which predicted development of disease.

A recent study from the MACS cohort of homosexual and bisexual men
examined the issue of the use of psychoactive drugs as potential cofactors in
accelerating HIV progression (Kaslow et al. 1989). This study found no
association with any type of psychoactive drug use and development of clini-
cal disease or loss of CD4 cells.

Several studies have looked at the issue of continuing drug use as a cofactor
for progression of HIV infection among intravenous drug users (Des Jarlais
et al. 1987; Flegg et al. 1989; Schoenbaum 1989). Here, of course, the type of
drug use and its extent is substantially different than among homosexual or
bisexual men. Although alcohol use among intravenous drug users is fre-
quent, the use of both heroin and cocaine is of greatest interest. The find-
ings related to drug cofactors among intravenous drug users have been vari-
able. In one study intravenous drug users showed more rapid loss of CD4
cells over a 9-month period of followup if they continued to use intravenous
drugs (Des Jarlais et al. 1987). In this study CD4 loss was associated with
frequency of drug injection and was more pronounced among heavy drug
users. These results are supported to some degree by a study from Edin-
burgh, Scotland, in which continued intravenous drug use was also associ-
ated with greater rate of loss of CD4 cells in individuals with HIV infection
(Flegg et al. 1989). In this study among 248 intravenous drug users infected
in 1983 or 1984, over 50 percent continued drug use. Clinical progression
was not different among those who continued to use drugs and those who
did not; however, there was a greater fall in the absolute CD4 count among
those who continued to inject. This progression of CD4 cell loss was not
seen in a study among intravenous drug users in the Bronx (Schoenbaum et
al. 1989). In this study there appeared to be no difference in the rate of fall
in CD4 count among drug users who did and did not continue to inject
drugs intravenously.

An additional relevant cofactor that may influence the progression to HIV
infection is the occurrence of bacterial infections themselves. Several in
vitro studies indicate that T-cell stimulation may result in an increase of
HIV replication (Zagury et al. 1986). Since coexistent infections other than
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Table 4. Natural history of HIV infection comparison between intravenous
drug users and gay men

Similarities

AIDS-free time during first years of infection.

High AIDS case rate after longstanding infection.

Shorter survival time from AIDS diagnosis among older patients.

Absence or weak influence of cofactors on disease progression.

Differences

Lower socioeconomic status and less available health care among
intravenous drug users.

Differing demographic composition: 70 percent gay men white; 80 percent
intravenous drug users black or Hispanic; 30 percent intravenous drug users
women.

Better documentation of acute rctroviral syndrome in gay men.

Increased frequency, morbidity and mortality from HIV-related bacterial
infections in intravenous drug users.

Differing frequency of certain malignancies and opportunistic infection:

Increased Kaposi’s sarcoma and cytomcgalovirus in gay men, increased

cryptococcal disease, Mycobacterium avium intracellulare infection, and
tuberculosis in intravenous drug users.

Longer survival from time of AIDS diagnosis in intravenous drug users
when adjusted for presenting illness.

HIV may result in macrophage stimulation, it is reasonable to assume that
the frequent occurrence of complicating bacterial infection, which appears
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to be more common among intravenous drug users, might itself result in
more rapid acceleration in HIV-related disease. However, it has not been
possible to clinically or epidemiologically confirm this hypothesis. Apart
from the observation that bacterial pneumonia, oral candidiasis or
tuberculosis predict the development of HIV infection (Selwyn et al. 19895),
their role as cofactors rather than markers for progression has not been
demonstrated. Among female intravenous drug abusers, the possibility that
pregnancy, which may be viewed as a state of mild immunosuppression,
might result in accelerated HIV infection is the subject of active investiga-
tion. At this point there appears to be no convincing documentation that
pregnancy results in more rapid acceleration of HIV-related
immunosuppression.

It is disappointing that the exploration of cofactors that might influence the
progression of HIV infection has yet to uncover significant findings. The
duration of HIV infection itself is the strongest predictor of outcome. That
cofactors altering the rate of progression exist is certain and clearly sug-
gested by the wide difference in rates of progression to HIV infection among
individuals, regardless of risk behavior, and the wide array of the different
manifestations of HIV infection. However, the precise mechanisms by which
biologic, behavioral, and demographic differences result in changes in the
natural history of HIV infection are not known. In this, as in other ways, the
similarities in HIV infection between disparate populations throughout the
world remains. Careful and continuing clinical and epidemiologic observa-
tion for differences as well as similarities among different populations, par-
ticularly within existing and expanded natural history studies, is essential. In
the presence of deepening biologic sophistication about HIV and its
pathogenic properties, it is hoped that these observations will yield new and
useful information that may be of ultimate benefit to those with and at risk
for HIV infection.
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4. Sampling Issues for Natural
History Studies Including
Intravenous Drug Abusers

W. Wayne Wiebel

Few would take issue with the “gold standard” stature of longitudinal cohort
research designs in natural history studies. No methodological alternative
can rival the analytic rigor offered by prospective panel studies in delineat-
ing and characterizing factors and cofactors influencing the course of infec-
tious disease epidemics. Likewise, in regard to sampling strategies, scientific
canon dictates a clear preference to the selection of units of analysis through
probability designs. As a consequence, it is not surprising to find prospec-
tive research designs and probability sampling schemes commanding con-
siderable favor in investigations addressing the natural history of HIV infec-
tion among intravenous drug abusers (IVDAs).

Yet, as in any area of scientific inquiry, theoretical and empirical considera-
tions alone rarely offer sufficient guidelines in determinations of the most
appropriate and pragmatic means of addressing a given research problem.
Compromise to scientific ideal is often required as a balance to practical
constraint. In a challenging interplay of preference and feasibility, most
scientists are faced with externally imposed limitations that restrict the
options available to them in constructing a research design. This paper
focuses on sampling issues in natural history studies of AIDS among IVDAs
and suggests strategies that may improve our ability to address this key area
of current public health research.

SAMPLING ISSUES

Studying the natural history of HIV infection among IVDAs is much more
problematic in practice than in principle. That is, despite the clarity of
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preferable design attributes, practical constraints significantly confound
research potential. One such pivotal obstacle relates to our ability to iden-
tify and gain access to the universe of subjects at issue, specifically, those
individuals who, as a consequence of injecting drugs intravenously, are at
high risk for contracting and further spreading HIV infection.

As participants in an illicit and covert activity that has become increasingly
stigmatized in our society, individuals who use drugs do not readily lend
themselves to systematic identification and enumeration. This is even more
likely to be the case for individuals who inject drugs. Not only do IVDAs
have cause to avoid identification with their illicit activity but, by virtue of
their addictive careers, they frequently live a relatively transient and impov-
erished existence. Thus survey techniques traditionally associated with gen-
eral population studies, such as household or telephone samples, arc clearly
inappropriate strategies for researching this subpopulation. Irrespective of
theoretical and empirical desirability, researchers lack a viable means to
accomplish representative sampling of the critical universe that defines their
research problem.

If one accepts the reality of this constraint, then at the outset one must
acknowledge problems of inherent bias and limited generalization of find-
ings in studies addressing this area of inquiry. This is not, however, meant
to be damning. Quite the contrary, as alluded to above, it is an almost nor-
mative condition in drug abuse research and far from uncommon in much of
social science. Through an examination of the alternative sampling strate-
gies available to researchers interested in HIV infection among IVDAs, it is
hoped that potential sources of sampling bias can be more appropriately
addressed and taken into account in both study design and interpretation of
findings.

Faced with the necessity of compromise to scientific ideal, researchers can
either redefine their focus of inquiry or adjust sampling strategy to accom-
modate practical constraint. In the first instance, the research problem to
be addressed might be narrowed to include the natural history of HIV infec-
tion among IVDAs in treatment for substance abuse problems. Thus
defined, the research population more readily lends itself to enumeration
and probability sampling. In the second instance, lacking a means to repre-
sentatively sample the theoretically relevant population, a nonprobability
purposive, quota, or convenience strategy may be adopted.

Either of the above alternatives is legitimate, but without further justifica-
tion it is not possible to establish the desirability of one approach over the
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other. While the first option might seem preferable to the extent that it
facilitates probability sampling, this may not be the case if the theoretical
relevance of the researched population is unknown or not addressed.

Having discussed some of the more general sampling and design issues
relating to natural history studies of HIV infection among IVDAs, let us
proceed to a more grounded exploration of the varieties of bias that may be
inherent to the more commonly utilized IVDA sampling frames.

IVDA SAMPLING FRAMES AND
POTENTIAL SOURCES OF BIAS

As a consequence of events such as medical emergency, arrest, or entry into
treatment for problems of drug dependence, subgroups of IVDAs become
the object of official recognition and, as such, also become accessible to the
researcher for purposes of sampling and subject recruitment. Most current
studies rely on institutionally based sampling frames for many, if not all, of
their research subjects.

Drug Abuse Treatment Populations

Drug abuse treatment populations represent one of the most accessible and
numerous institutional resources of IVDAs. In part due to this, it is not
surprising that clients in treatment are the most commonly recruited con-
stituents of IVDA research studies. Both the number and variety in types of
treatment programs from which research candidates can be enlisted are
important considerations in attempting to assess potential bias. Individual
programs can vary substantially in client profile. Further, categories of
treatment programs including public or private, residential or outpatient,
methadone maintenance or detoxification or drug free, all represent differ-
ing potentials for bias.

Several sources of bias seem likely in IVDA samples constituted from
clients in treatment for problems of drug dependence. First of all, as it is
estimated that this population includes only 10 to 20 percent of the total IV
drug abusing population (Schuster 1988), they clearly represent only a small
proportion of all individuals in this high-risk classification. Clinically con-
ceptualized as having a chronic, progressive, and recurring disease, individu-
als who seek treatment for problems of drug dependence are more likely to
have bottomed out and overrepresent chronic abusers approaching the end
of their addictive careers. In the case of methadone treatment programs, a
subset of the client population is likely to overrepresent the chronically
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addicted who are not so much interested in ending their illicit use of opiates
as they are interested in trying to manage habits that have gotten out of con-
trol on the streets.

In most areas of the country, the vast majority of treatment slots available to
the IVDA are allocated within methadone detoxification or maintenance
modalities. Consequently, clients in treatment are likely to underrepresent
injectors dependent on cocaine as well as other nonopiate drugs. In most
instances, treatment programs that do not address problems specific to
females, including the need for child care services, are thought to underrep-
resent female injectors. By way of contrast, in the case of at least one State,
a change in policy for publicly funded programs to fee-for-service require-
ments shifted the balance toward female clients as they were more likely to
possess Medicaid and be able to cover their contribution with the help of
public assistance (French 1987).

Additional varieties of bias are likely to correlate in degree with length of
stay in treatment. Often utilized as indicators of therapeutic success, clients
in treatment are less often involved in illicit drug use and criminal activities,
more often employed, and otherwise leading more healthy, stabilized
lifestyles. Clients who drop out of treatment, on the other hand, are more
difficult to follow up and thus are more expensive to maintain in longitudi-
nal panel designs. In addition to having a greater likelihood of being lost to
followup, clinic dropouts often quickly relapse to careers of active IV drug
addiction (Ball et al. 1988, Hubbard et al. 1988).

Of particular relevance to natural history studies of AIDS among [VDAs,
potential sources of bias in samples based on clients who are enrolled and
remain in drug treatment have significant implication for research involving
various aspects of the epidemic. By virtue of their decreased drug use and
more healthy, stable lifestyles, treatment client research panels are less
likely to experience incident cases of HIV infection. For subjects already
infected, these same attributes may moderate disease progression and the
risk of acquiring infectious cofactors. The underrepresentation of cocaine-
dependent IVDASs in treatment samples has further implications for under-
standing the course of HIV infection in this risk group. Research has
already suggested that cocaine injectors may be at increased risk for HIV
infection due to specific practices, such as higher frequencies of injection,
associated with cocaine dependence (Chaisson et al. 1989).
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Criminal justice agencies offer the researcher a second plentiful institution-
ally based resource for IVDAs. However, the ability to identify and gain
access to such individuals for the purpose of research may be significantly
more problematic than is the case with IVDAs in treatment. Specifically,
the permissions required to conduct this type of research may include mul-
tiple layers of bureaucratic approval, and even when allowed, may contain
numerous stipulations and restrictions that can frustrate research design
implementation. Research incorporating criminal justice clients is often
conducted in direct collaboration with or under primary direction of
participating agencies.

Different agencies within the criminal justice system represent differing
potential sources of bias in the IVDAs that fall under their authority.
IVDAS who become the subject of official recognition by police, court, and
criminal justice diversion agencies are most likely arrestees suspected of
committing a drug-related criminal offense. Prison, parole, and probation
agencies, on the other hand, deal with IVDAs who have been convicted for a
criminal offense. In comparison to arrestees, individuals convicted for
criminal offenses are more likely to have extensive arrest/conviction records,
have committed major felony offenses, and have sufficient incriminating
evidence against them to substantiate their conviction.

In general, criminal justice agencies can be expected to overrepresent
IVDAs who are most actively involved in criminal behaviors as a means of
supporting their addictions, least competent in their criminal activities, and
more likely to have been the subject of previous arrest and/or incarceration.
Injectors who have not progressed to chronic dependence, have sufficient
legitimate financial resources to support their drug use, or who are other-
wise are able to avoid the attention of law enforcement authorities are likely
underrepresented in IVDA samples recruited through the criminal justice
system.

These potential sources of bias are likely to have the following implications
for natural history studies. With respect to the collection of risk factor his-
tories, criminal justice clients may be less likely to report illicit activities
that can be associated with crimes they have not been arrested for. To the
extent that prospective research can be associated with the criminal justice
agencies who have authority over subjects’ legal status, criminal justice sam-
ples are also likely to underrepresent participation in activities (including
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drug use, prostitution, and homosexual relations) that place them at risk for
punitive sanctions.

Medical Service Providers

Medical service providers are the final category of commonly utilized
resources for institutionally based IVDA samples. Agencies offering medi-
cal services have traditionally played a critical role in identifying and pro-
viding access to research subjects for inclusion in a broad range of epidemi-
ologic investigations. Irrespective of risk group classification, they are both
critical to and the primary resource for research relating to AIDS diagnosed
cases. However, for studies addressing the natural history of HIV infection,
they are a less efficient resource for identifying IVDAs who are not infected
or are asymptomatic. While still an effective and capable source of IVDAs
for research sampling, at any given time, medical service agencies are likely
to offer access to far fewer numbers of IVDAs than either drug treatment
programs or criminal justice agencies.

As in the case of other institutionally based IVDA sampling frames, poten-
tial sources of selection bias vary by category of medical service provider.
For example, emergency rooms are suspect to overrepresent patients with
acute conditions, hospital wards to disproportionately serve patients with
chronic conditions, and private facilities of every variety to favor the insured
and financially secure. In most instances, providers serving catchment areas
with high rates of intravenous drug use, as well as those offering service to
the indigent, will tend to be in contact with the greatest numbers of IVDAs.

Acute medical service providers, including paramedics and emergency
rooms, most often come into contact with IVDAs who are either suffering
adverse drug reactions and/or are the victims of physical trauma. Individuals
requiring medical attention for adverse drug reactions such as an overdose
are most likely to overrepresent IVDAs who are multiple drug users experi-
encing unanticipated drug interaction effects, novice or occasional users
who have misjudged appropriate drug dosage, and the heavily intoxicated
who through accident or disinhibition have exceeded toxic levels of drug
consumption. IVDAs requiring medical attention for traumatic injury
probably overrepresent individuals who are victims of either intentional or
circumstantial violence as well as those involved in drug-related accidents.

Facilities treating chronic conditions, on the other hand, are more likely to
overrepresent IVDAs who are long-time users of injected drugs, least
hygienic in their drug use practices, and least attentive to maintenance of
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their general health. Some of the more severe medical complications com-
monly associated with intravenous drug use include infectious diseases such
as HIV and hepatitis, which are transmitted through the sharing of con-
taminated injection paraphernalia and bacterial endocarditis.

These potential sources of bias in medical service provider samples may also
have implications for natural history studies. In overrepresenting trauma
and adverse drug reaction cases, acute care providers are likely to offer
access to potential research subjects who are in no condition to consider
enrollment in a study. Once released from care, reestablishing contact and
gaining the cooperation of such subject candidates may be much more
problematic. By way of contrast, chronic care providers may suggest a
worse-case-analysis in the relationship between HIV infection and IV drug
abuse through overrepresenting long-term addicts who are least concerned
about issues of hygiene in their every day lives.

In addition to these three institutionally based sources of IVDA sample
recruitment, there is a fourth, community-based alternative which my own
professional experience has led me to become most familiar with. This last
IVDA sampling strategy and its potential sources of bias are discussed
below.

Social Network

Social network samples of active IV drug abusers in community-based set-
tings are among the least often utilized sampling frames to be adopted by
researchers studying the natural history of HIV infection in this high-risk
population. More often associated with qualitative rather than quantitative
methodologies, ethnographic inquiry has most frequently relied upon this
sampling strategy. However, multi-method research designs, including
ethnographic components, have demonstrated the potential contribution of
community-based IVDA samples in investigating the spread of HIV infec-
tion among this population (Wiebel 1988, Feldman and Biernacki 1988;
Watters and Biernacki 1989).

While IV drug-using social networks may offer a ready means of identifying
and gaining access to potential research subjects, the heterogeneous compo-
sition of different social networks implies the same differential sources of
bias as were apparent within institutionally based sampling frames. In par-
ticular, membership profiles within IVDA social networks can be expected
to vary based on preferred patterns of drug use, community demographics,
and the shared attributes that form the basis of social bonding between
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members. Unlike the externally imposed sources of recruitment bias associ-
ated with institutionally based IVDA sampling strategies, social networks of
IV drug abusers in the natural setting more often establish their own defini-
tions of group identity and the individual characteristics that are central to
membership consideration. It is these criteria, however defined, which must
be taken into account in assessing the inherent bias represented by any given
social network sampling frame.

In our most recent work exploring AIDS intervention efficacy targeting
active IV drug using social networks, an additional, research-imposed, bias
is an apparent artifact of our purposive sampling strategy. That is, as a
screening criterion utilized in the selection of IVDA social networks for
inclusion in our sample, we purposely considered only larger networks for
two reasons. The first reason is that larger networks were thought to hold
the greatest potential as a focus for extended research and intervention
activity. Second, as a demonstration project, we wanted to test the efficacy
of this intervention model under conditions that would be of greatest rele-
vance to public health policymakers interested in assessing the potential
impact and cost effectiveness of this approach. While the composition of
sampled networks intentionally included a range in the predominant variety
and types of IVDAs known to be represented within a metropolitan area,
our sampling strategy clearly underrepresented socially isolated IV drug
abusers as well as those who limited their drug-related activities to smaller
and more close-knit social networks.

These potential sources of bias suggest the following implications for natu-
ral history studies. Community-based samples of IV drug abusers, which
focus on larger, high-profile social networks of IVDAs, may reflect higher
rates of HIV seroconversion by virtue of the greater number of high-risk
individuals subjects come into contact with as potential needle sharing
and/or sex partners. Subjects recruited from social networks of active users
may also experience a more rapid progression to AIDS diagnosis once
infected due to their continuing drug use as well as their relative lack of
attention to issues of health and hygiene.

DISCUSSION

Given current limitations that prevent us from generating true probability
samples of the entire IVDA population which is of theoretical relevance,
research addressing the natural history of HIV infection among this high
risk population must rely on alternative sampling strategies. However such
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accommodation is attained, all sampling strategies commonly employed by
investigators to recruit IVDA subjects for research present inherent sources
of bias. While it is impossible to know the exact source and degree of such
biases, considerable advantage can be gained by taking their potential influ-
ence into account when making sampling design decisions as well as in
interpreting research findings.

From the perspective of funding agencies, it may be advantageous to strive
for a balance in supported studies which utilize a range in available IVDA
sampling strategies. This would both help to control for the influence of
biases associated with the more commonly adopted, convenience sampling
frames and at the same time provide further insight into differences among
these alternate sources of IVDA samples.

Though relatively underutilized in current investigations addressing natural
history questions relating to HIV infection among IV drug abusers, social
network samples of active users in community settings seem to hold consid-
erable promise for inclusion in future studies. Through grounding such
inquiry in the natural social context in which behaviors and other factors
influencing HIV transmission and disease progression take place, it is possi-
ble that this sampling strategy might complement current research capabili-
ties. Preliminary results from the first studies to look at HIV among active
users not in treatment have demonstrated significant differences between
convenience samples and those obtained by community-based outreach
efforts (Watters 1987; Wiebcl et al. 1988; Raymond 1988; McCoy et al.
1989). Furthermore, our experience to date in adopting social network
samples for targeting AIDS intervention activities (Wiebel 1988) suggests
that this sampling strategy is an efficient means of both identifying and
gaining access to active IVDAs for research purposes (Wiebel in press). Of
particular relevance to longitudinal research designs, we have refined strate-
gies to secure followup interviews with social network subjects at 6-month
intervals (Johnson et al. 1989), demonstrating the potential for maintaining
up to 80 percent of baseline panels at first followup. More widespread
adoption of social network sampling frames may contribute to our further
understanding of differences in institutionally-based and community-based
IVDA samples.

While still the subject of ongoing analysis, a number of our findings to date
suggest significant differences in IVDA profile for our community-based
social network samples in comparison to institutionally-based research
samples. In our first such comparative analysis, Lampinen found striking
differences between the demographic characteristics of our community-
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based IVDA research sample and those of IV drug abusers who reported to
Chicago public health authority testing facilities for anonymous HIV anti-
body counseling and screening (Raymond 1988). Addicts sampled from
active IV drug abusing social networks were four times more likely to have
not completed high school, more than twice as likely to be unemployed, and
almost twice as likely to report using heroin at some time in their lives.
Further, significant variations in seroprevalence were found both between
testing site clients and our social network subjects and among the social
networks themselves. About 10 percent of IV drug abusers reporting to
HIV antibody test sites were seropositive in comparison to 15.6 percent of
the active injectors recruited at our southside fieldstation, 19.1 percent of
the subjects from our northside fieldstation, and 29.5 percent of those from
our westside fieldstation. Similar analyses comparing our social network
sample profile to that of treatment programs, criminal justice agencies, and
hospital facilities are currently underway.

This discussion has attempted to provoke consideration of potential sources
of bias in the various sampling strategies commonly utilized to study IV
drug abusers. Being far from exhaustive, it is hoped that others will offer
further insight to the paucity of our current understandings. For it is only
through further understanding and systematic consideration that we can
hope to make more informed sampling decisions based on both theoretical
and practical concerns.
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Studies of HIV in Intravenous
Drug Users: Issues in
Treatment-Based and Street-
Based Samples
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INTRODUCTION

Great emphasis has been placed on the role of intravenous drug use in the
transmission of human immunodeficiency virus (HIV). Changing demo-
graphics of reported AIDS cases suggest that heterosexual intravenous drug
users (IVDUs) will continue to grow as a risk group into the 21st century.
This trend has stimulated unparalleled interest in IVDUs on the part of
public health agencies. This interest has given rise to increased budgets for
research and HIV testing programs that are directed at heterosexual
IVDUs. The purpose of this research and public health intelligence is to
monitor fluctuations in HIV infection rates before they surface as AIDS
cases, thereby providing information to policy planners on the shape, size,
and trajectory of the epidemic. Yet the published record of this surveillance
effort to date has been based almost entirely on convenience samples of
IVDUs enrolled in drug treatment programs (Hahn et al. 1989).

In the United States, methadone maintenance has been the dominant drug
treatment modality since the early seventies (Sells et al. 1979). Conse-
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quently, the vast majority of respondents studied in the research involving
IVDUs have drug histories characterized by dependence on heroin. IVDUs
whose drug profiles are predominated by injection of other drugs (e.g.
amphetamine isomers or cocaine) are excluded. Several studies have found
that frequent cocaine injection is associated with HIV seropositivity among
methadone maintenance clients (Chaisson et al. 1989; Marmor et al. 1987;
Shoenbaum et al. 1989). These findings may not generalize to populations
not enrolled in methadone maintenance programs. For example, in a study
of IVDUs sampled from both in-treatment and not-in-treatment settings,
behavioral effects associated with HIV infection in other studies were not
found to be predictive of HIV infection in multivariate analysis (Watters et
al. 1989). In addition, studies of IVDUs not enrolled in treatment have
found that many are not oriented to entering treatment programs (Hanson
et al. 1985; Hunt et al. 1985-86; Watters and Cheng 1987). Moreover, it is
estimated that only 15 percent of IVDUs in the United States are enrolled
in drug treatment on any given day (Hahn et al. 1989). There is no reason to
assume that the drug use profiles, patterns of risk behavior, or motivational
characteristics of in-treatment and untreated IVDUs are equivalent. Indeed,
one study found substantial variations in drug use preferences among
IVDUS and significant differences between drug use profiles and behaviors
typically associated with HIV infection (Watters et al. 1988). Consequently,
samples based primarily on clinical populations may contain substantial
bias. This stems from their failure to include drug users who, for whatever
reasons, eschew drug treatment and those whose drug utilization profiles
are dominated by drugs other than heroin.

Each of the major data sources germane to HIV infection in IVDUs is sub-
ject to its own sources of bias and suffers from methodological difficulties.
These problems are not trivial and can lead to misconceptions and erro-
neous conclusions if data gleaned from any one source are not counterbal-
anced by observations from others.

The Centers for Disease Control (CDC), for example, has in place a large
system of HIV surveillance for IVDUs (Jones et al., n.d.). The sampling
frame consists of 41 drug treatment facilities located in 21 metropolitan
areas within 19 States. Convenience samples of IVDUs are recruited on an
ongoing basis from this panel of sites and plans for expansion of this effort
exist. However, as useful and as important as this effort is, it may suffer from
considerable bias due to the potential lack of generalizability of clinical
populations of IVDUs to nonclinical populations: those who, for a variety
of reasons, eschew participation in drug treatment programs. For, despite
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the ubiquitous waiting list for entry into publicly funded drug treatment
programs in the United States, there still remains a vast sea of [IVDUs who
are not oriented to treatment, who do not seek treatment, and who would
not accept free treatment even if offered the next day (Watters and Cheng
1987).

In 1987 the National Institute on Drug Abuse began funding an effort that
accumulates risk factor and HIV serology data from “street samples” of
IVDUs in 63 cities. These studies have the potential to provide information
on IVDUs who do not routinely interact with drug treatment programs and
who may have differing motivational, drug preference, demographic, and
HIV risk profiles from those who enter treatment programs. This innovative
cluster of projects represents the first major research effort attempted in the
United States that targets out-of-treatment IVDUs as research subjects.
This effort has the potential to provide much useful data on the characteris-
tics, HIV risk, and HIV exposure of IVDUs out of treatment—those who do
not follow a typical pattern of opiate addiction and/or those who avoid
treatment. The primary weakness of these projects is sample construction.
The location of sites was determined by grant and contract competition
rather than systematic review of candidate location. Sampling methods are
not standardized across the 63 performance sites, and in many sites
“outreach workers” are used in the dual and potentially conflicting roles of
service provider and evaluator of the service provided. Since samples are
nonrandom, not linked to known population parameters of IVDUs (at least
to the degree that they exist), and because of the potential for bias (e.g.
interviewing a client whom service providers have been counseling to use
condoms and bleach; presentation of self and social desirability issues per-
taining to self-report data from clients to program staff), the validity of
results may be an issue.

In addition to these efforts are independent studies of HIV seroprevalcnce
and IVDUs. Yet these studies, like the CDC initiatives, draw primarily on
captive populations of intravenous drug users enrolled in drug treatment
facilities. Hahn et al. (1989), for example, in their illuminating survey of
published and unpublished seroprevalence studies circa 1987, reported
findings from some 96 separate studies of [IVDUs. Only three included pop-
ulations sampled from noninstitutional settings. In our own studies of
IVDUs we have observed differences in HIV status in association with drug
treatment experience and race. Some of these findings are d